We are in the so-called nutritional transition, in which obesity and its comorbidities have emerged as an important research topic, and the information on food composition is fundamental to promote nutritional safety. Fructose is the sweetest carbohydrate, and this sweetness, along with its low cost, is the key factor for its use in commercial drinks and sweets. The global average consumption of fructose per capita has increased from 56 g/day in 1986 to 65 g/day in 2007. Experimental models associate high fructose intake with the development of obesity and induced insulin resistance. In recent studies, diabetic patients have been reported to use fructose more frequently than glucose. Fructose acts differently in the hypothalamus and generates less satiety than glucose; thus, fructose has a high lipogenic potential. Replacing fructose with another isocaloric carbohydrate is associated with better glycemic control.
Introduction
Fructose is a monosaccharide that naturally present in food, such as fruits, sugar cane, honey, beetroot, and other foods. For its sweet taste and low cost, in the 1970s, glucose syrup, better known as high fructose corn syrup (HFCS), was introduced for manufactured products that use liquid sugar. In the first generation of HFCSs, there was 42% fructose in the formula. In the second generation, de-veloped in 1976, the percentage of fructose varied between 55% and 90% of the compounds [1] .
In the USA, the soft drink industry accounted for 71% of the total HFCS consumption in 1987, since fructose is abundantly present in liquid form. At the time, the use of fructose in the soft drink market reached 96% of the total use, namely 66% in canned and processed foods, 35% in dairy products, 25% in baking products, and 3% in confectionery and non-food uses. Fructose consumption increased to approximately one million tons in 1985, since the product was used by major soft drink companies, represented 100% of their sweeteners, and led to an increase of almost 23% in one year [1] .
Fructose and Comorbidities
In the USA, the annual consumption per capita of non-diet drinks increased 86% between 1970 and 1997 [2] [3] , and the prevalence of obesity increased by 112% during the same time. This leads us to consider whether the two factors are linked [2] [4] . Energy consumption per capita of added sugar increased from 984 kJ (235 kcal) per day between 1977 and 1978 to 1331 kJ (318 kcal) between 1994 and 1996, with soft drinks contributing much more to the total than other products, such as fruit drinks and desserts, despite being just as harmful [2] [5] .
This large-scale increase in the production and consumption of fructose is not only observed in the USA, but also worldwide. Increased production and consumption of fructose has been observed at smaller scales in some countries, due to fees imposed by each country to regulate its commercialization [1] .
One of the most consistent findings is the association between the intake of soft drinks and the increase in overall energy consumption. Soft drinks (sweetened with HFCS) are amongst the primary contributors to obesity and its comorbidities, particularly among children. In one of the studies analyzed, children and adolescents consumed between 122 and 159 g of added sugar, although the Department of Agriculture in the USA recommends using only 32 grams.
Children that consume a soft drink per day consume 10% more calories per day than children that do not consume soft drinks. Over 70% of adolescents consume soft drinks daily in the UK [2] [6] [7] . All five longitudinal studies that were analyzed in the meta-analysis entitled Effects of Soft Drink Consumption on Nutrition and Health identified positive associations between soft drink consumption and overall energy intake [2] . Of the studies analyzed, 10 of 12 cross-sectional studies, all five longitudinal studies, and the four long-term experimental studies showed that energy intake is directly related to the consumption of fructose-sweetened drinks. The excess energy from the ingested fructose is not properly compensated in other foods, leading to an increase in the total energy.
Studies suggest that the consumption of soft drinks sweetened with HFCS increases hunger, decreases satiety, and changes taste to high sweetness levels, changing food preference [2] [6] . According to the World Health Organization (WHO), 39% of the adults worldwide were overweight in 2014, and the world-
wide prevalence of obesity increased to over half a billion adults. In turn, 42 million children under five years of age were overweight in 2015, almost half of whom were in Africa and Asia.
The increase in carbohydrate intake, associated with the consumption of soft drinks with HFCS, causes a higher consumption of added sugars, when macronutrients and micronutrients are considered. An association with Fator vitamin A and B 12 intake could not be established [2] [6], but excess fructose consumption was associated with decreased protein intake, riboflavin, and development of hypocalcemia [2] [8] [9] . One of the studies performed a 30-day follow-up in patients with hypocalcemia and no consumption of soft drinks during this period, over which a significant increase in serum calcium was observed [2] [9].
Another two studies reported a statistically significant association between soft drink consumption and bone mineral density [2] [10] [11] .
The strongest association between fructose-sweetened soft drink consumption and health outcomes is supported by the prospective evidence obtained for type 2 diabetes. According to the WHO, the number of people with diabetes increased from 108 million in 1980 to 422 million in 2014, and type 2 diabetes accounted for 1.5 million deaths in 2012. A total of 9129 women were followed for eight years in a study that was published in JAMA in 2004, which showed that women consuming one or more portions of fructose-sweetened soft drinks per day had two times higher risk of developing type 2 diabetes throughout the study than those consuming less than one portion per month [2] [12] . Another study reported a positive association between soft drink consumption and the number of metabolic syndrome risk factors. These effects were also recorded when the body mass indices (BMIs) and the amount of energy ingested were controlled [2] [13].
Bray et al. observed that Americans over the age of two years consume 553 kJ (132 kcal) per day from corn syrup (fructose), which is the only sweetener in the USA soft drinks, and that consumption of this sweetener increased by 1000% between 1970 and 1990. Fructose is proposedly digested, absorbed, and metabolized differently than glucose, promoting lipogenesis and not stimulating insulin secretion or increased leptin production, which are both afferent signals in the regulation of food intake and body weight [2] [14] [15] .
Differences between Fructose and Glucose
Fructose consumption for 10 weeks at a dose equivalent to 25% of the required energy increased lipogenesis and visceral adiposity and promoted dyslipidemia and insulin resistance in overweight or obese women and men. This was not observed with glucose consumption, although the final weight gain was identical. It can thus be concluded that fructose and glucose have different metabolic effects that are independent of weight gain [6] [15] .
Lipid metabolism and insulin sensitivity are known to be affected by body weight and body fat distribution, but little is known about the modulation that with BMIs between 25 and 35, showed that leptin concentrations were reduced in 24 hours, compared to glucose intake, but no differences in energy intake or weight gain were observed between the groups [15] . The long-term study in Rhesus monkeys, as an attempt to better elucidate this issue, also presented controversial results; and thus, more long-term interventional studies in humans are required [16] .
Fructose Generates an Atherogenic Profile
Regarding the lipid profile, the results of long-term studies have shown that fructose-sweetened soft drink consumption increases triacylglycerol levels. De novo hepatic lipogenesis increases with the ingestion of fructose, since the liver where fructose is mainly metabolized. In hepatocytes, fructose is absorbed through GLUT-5 and enters glycolysis via fructose 1-phosphate, disregarding the main step that controls the rate of glucose metabolism, which is catalyzed by 
Strong Association with Hepatic Steatosis and Metabolic Syndrome
Nonalcoholic steatohepatitis (NAHS) refers to hepatic steatosis and steatohepatitis, and to possible outcomes such as fibrosis, cirrhosis, and liver failure. NAHS is present in 2.6% of children and 26% of adults. The onset of this disease has a 50% correlation with the presence of type 2 diabetes and a 76% correlation with obesity. When associated with morbid obesity and type 2 diabetes, it is present in 95% of the cases [17] .
Studies have shown a correlation between diets with a high fructose consumption and elevations of the aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALK), which are reliable predictors metabolic syndrome development. For better elucidation, a high fructose diet was introduced in rats and the outcomes included moderate hypertension, glucose intolerance, insulin resistance, hyperinsulinemia, and hypertriglyceridemia [17] .
Energy production through fructose increases citrate concentrations in the mitochondria, and citrate is a potent phosphofructokinase (PFK) inhibitor. PFK is the allosteric modulator of glucose, inhibiting glycolysis and decreasing glucose participation in energy production. Hepatocytes increase energy production based on stored TG, which would contribute to hepatic resistance to insulin action. In addition, increased lipid oxidation enhances beta oxidation, which is a potent producer of reactive oxygen species that enhances hepatic oxidative
stress. An inflammatory process occurs and causes hepatocyte apoptosis and hepatic necrosis in the long term. Important inflammation signals are released into the bloodstream. One of them, TNF-α, is a potent inhibitor of insulin action, and a potent inhibitor of the production and action of adiponectin, an important hormone for insulin sensitivity. Thus, in the long term, high fructose intake generates metabolic syndromes [17] .
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Conclusions
Excessive fructose consumption increases every year, as well as its comorbidities.
The most obvious fructose effect is the increase in overall energy consumption, which heavily contributes to the onset of obesity, especially in children. Statistically, fructose appears prevalent in the development of type 2 diabetes. The other striking effect for public health is the increased cardiovascular risk related to changes in lipogenesis.
More studies are required to further elucidate the effects of fructose consumption, but the existing studies show its profound impact on society and public health. Thus, the introduction of preventive measures is necessary.
